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INTRODUCTION.

The present report is a result of the study of the rela-
tion between climate and forest fires in Montana and
northern Idaho. This region is designated as District I
of the United States Forest Service. The data used are

four and one-half million dollars. This great destruction
is gnawing at the vitals of the national timber supply.
Ey far the greater percentage of this damage has {een
visited upon Idaho and western Montana. This has been
somewhat difficult to understand, especially since Idaho
and western Montana show a greater annual precipitation
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the weather records of the United States Weather Bureau

for the regular and cooperative stations, and the detail

fire reports of the United States Forest Service for the

years 1909 to 1919, inclusive. Mr. C. C. Delavan has

ﬁompiled the fire records and Mr. J. A. Larsen the weather
ata. '

The splendid forests of western Montana and northern
Idsho have, according to oral and visible records, always
been subject to destructive fires. During the last 11
gea.rs the seriousness of the forest fire situation has been

rought home by the fact that nearly 5,000,000 acres of
land burned over in District I, with a total estimated
damage to standing timber of over $28,000,000 and a total
outlay in fire prevention and suppression' of about

98186—22——1

than the sections farther east. The reasons underlying
this should be understood so that methods of suppression
and means of %revention may be guided by whatever
information is obtainable.

It is the plan of this work to investigate the topographic
and climatic causes for forest fires in the district generally
and in Idaho in particular; to analyze the recorfs of fires
and climate for different years for a better understanding
of the kind of season which results in bad forest fires; to
study the records of fires and weather for individual
months to see how much rainfall is needed to allay these
fires; to set forth especially dangerous fire weather, the
length and intensity of the fire season in the different
sections under consideration; to examine the climatic
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PLATE 1.—Dense forest of western white pine, western red cedar, and western hemlock, in northern
Idaho. The dense under story of hemlock and cedar burns readily and carries the flames into the
crowns of the trees.

PLATE 2.—The forest devasted by fire.
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records for the last 40 years in order to discover whether
or not the last three years are usual or unusual, and to dis-
cuss the chances of predicting very dangerous fire weather.

BROAD TOPOGRAPHIC CONTROLS OF CLIMATE AND FOREST
DISTRIBUTION.

The region under discussion embraces three broad
topographic divisions, as follows: (1) Idaho, north of
the Salmon River, where the land rises gradually from
3,000 feet elevation of the Columbia River Plateau to the
crests of the Bitterroot Divide, at from 6,000 to 7,000
feet elevation. The lower li)a.rts of the forest are com-

osed mainly of western yellow pine and Douglas fir, the
mtermediate slope has western white pine, western larch,
Douglas fir, western hemlock, western red cedar, and

and fir; (2) western Montana, which includes the land

etween the Bitterroot and the Continental Divides. In
this ¥a.rt the elevations vary from 3,000 to 10,000 feet,
and from prairies and forests of western yellow pine in
the valley through forests of Douglas fir, western larch,
lodgepole pine, Eingelmann spruce, and alpine fir at the

'gﬁer points; (3) that part of Montana which lies east
of the Continental Divide. This embraces the eastern
slopes of the Rocky Mountains, the elevated country
surrounding the Yellowstone Park region and the broken
topography in southeastern Montana. The forests con-
sist mainly of Douglas fir, lodgepole pine, Engelmann
spruce. In southeast Montana there is only western
yellow pine.

The forests of Idaho contain a greater variety of species
more understory of inflammable cedar, hemlock, and
white fur and much more dead and down material than
those in the other divisions. In fact, the forests east of the
Continental Divide are, except for dense young lodgepole
thickets and Alpine fir, quite free from understory, and
those in southeastern Montana are of pure yellow pine
and, except for patches of dense advance growth, quite
open with the characteristic grasses and sedges. Central
Idaho, northwest Montana, and the forests surrounding
the Yellowstone Park region in south central Montana
are most mountainous and difficult of access.

In this study the data for weather and forest fires have
been averaged by groups of national forests. These
groups are seven in number and conform roughly to
separate watersheds. (See Fig. 1 and Table 1.)

TasLe 1.—Climatic sections of Montane and north Ideho National
Forests and weather stations used,

: Eleva-| Years
Divisions, | Groupsotnational|  yyeainer station. tion | recorded
: (feet). |- to1918.
(1) North Idaho. . 1, 665 29
ol 2429 8
o} 2100 8
2,300 | 8to1906
Priest River Experimen! 2, 360 7
Station.
Lakeview................. 2,250 | 18 to 1915
Coeur d’Alene............. 2,157 24
St. Marjes... | 2156 19
Murray. .| 1,750 | 15to 1908
Kellogg .| 2,305 14
Burke. .| 4,082 9
A - ﬁgg 3
VOIY.cueacnnen
(2) Central Idaho.| Clearwater........ Mo:croyw ........ .| 2,748 126(1912-15)
%elwsy ............ k - 1 g ggz 22
6ZPeree....cceues BBIY.se - .
Orofing. . q Loz 14
French Guich | 4,000 5
Kooskia..... . 1,261 10
Musselshell..... . 31 5
Nezperce....... 3,082 []
0rd. -..oo.. -} 3,735 4
PR Sl g
. aels caanen
EIK CitFeeneemenrennncnan 5,758 5

Fepruary, 1922

TABLE 1.—Climatic sections of Montana and morth Ideho National
Forests and weather sections used—Continned.

: Eleva-{ Years
Divisions. Grou;;zgsgsauonal Weather stations, tion | recorded
- {feet.) | to 1918.
(38) Northwest 20
Montana. 22
. 12
13
19
6
22
léto 1913
(4) Southwest | Bitterroot......... 38
Montana. | Missoula..........| Bamilton.................] 3,525 [...........
......... 10
20
14
18
23
16
(5) North cen- | Helens............ 12
tral Montana. 38
.......... 19
14
13
26
33 to 1912
23
18
19
(6) South cen- | Madison.......... 23
tral Montana. | Gallatin........... 4, 20
Absaroka. ........ 33
Beaverhead....... 5,548 17 (18)
Beartooth......... Billi 3,115 21 (22)
.| 4,080 10
.| 5,880 29
.| 6,700 12
.| 4,845 11
. 5,143 20
4,360 19
6, 080 11
. 4400 | 12 to 1915
4,004 12
(7) Southeast 2,378 26
Montana. .| 14,000 17
.| 14,000 10
3, 401 38

1 About.

It should be stated that most of the cooperative
weather stations listed in Table 1 do not, as a rule, lie
within the forests. Since they are the only ones avail-
able, they must nevertheless be used and the records
will be of sufficient value for comparisons of the seven
sections.

Within this territory we are fortunate in having several
quite complete regular United States Weather Bureau sta-
tions which may be used as control stations for various sec-
tions. Of these Spokane, Wash., is used for north Idaho
(Lewiston, Idaho, being too low and too far removed
from the forests), Kalispell for western Montana, Helena
for north central Montana, Yellowstone Park for south
central Montana, and Miles City for southeast Montana.
Records of sunshine, humidity, temperature, wind and

recipitation are also available from Priest River Forest
: (i: eriment Station, within the timbered belt of northern
o. '

In presenting the data on climate for use in this study,
the year is begun October 1, for in this manner it is possi-
ble to review at a glance all of the factors which may or
may not contribute toward a bad fire season.

FIRES AND CLIMATE BY THE SEVEN SECTIONS.

The data on forest fires, 1909 to 1919 by area, damage,
cost, causes and classes are given in Tables 2 and 3 and
are shown graphically in Figures 2, 3, 4, 5, and 6. The
weather records for the same years are presented in
Tables 4, 5, and 6.
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TABLE 2.—Flires according to the seven sections, 1909-1919, inclusive.

Total Arca
. nattonal burned Average | Estimated
Section. forest per each area per damage
area 100,000 fire. per fire.l
. acres.
Acres. Acres, Acres.
North Idaho.........ccceeeunenao..t. 3,476,380 22,728 $2,954
Central Idaho.........cocvunrnanune.s 4,375,925 45,750 1,154 4,256
Northwest Montang................. 6,986,718 19,332 281 1,940
Southwest Montana................. 3,488, 059 6,121 130 471
North central Montana.............. 2,922,525 8,003 410 1,433
South central Montana.............. 4,979,930 924 97 497
Southeast Montans.................. 710,619 1,077 48 277
Total.coemmanmnecmenenuenennnas b L PR PR A —
AVEIBZC. - o meeeaanecnciraaanne]iocnaaaanaas 17,237 363 2,236

1 The damage {s the estimated value of timber and young forest destroyed.

TABLE 3.—Nuimnbers of fires in the seven sections, by classes and causes,
1909-1919, inclusive.

Number per 100,000 acres.
Secti . Total T
on. num-
ber. | o | B. | ¢ iRail|Light-Brushicamp.| V- img
ix'oader,. ning. ing. ors. |cified. tal
|
North Idaho....... 3,381 | 50.3 | 20.9 17.1||32.2 23.0] 10.8} 10.0|21.3 | 97.3
Central Idaho...... 1,735 | 19.4| 9.9 10.4| .0 33.1 7.3] 2.0| 3.7/39.6
Northwest Mon-~ .
L1:0T T 4,813 | 38,2 (17.6 | 13.1 | 31,3 | 13.8 7.5| 5.6|10.7 | 68.9
Southwest Mon- |
£ . Y, 1,848 | 24.4(12.9| 9.9 ;. 9.8] 13.0| 4.0| I11.7| 8.8 | 47.2
North central Mon- :
[ 297 S 571 (10.6 | 4.7 | 43 80| 52| 14 1.8 | 3.1|19.5
Southcentral Mon- i
1:31 . FR 4731 5.2 2.1 2.3 L2( 2.0 7| 2.71 2.9 0.5
Southeast Montana| 160| 7.0 80( 7.5| .0 10.8 .1 3.7| 79225
Total........ 12,783 |.conec|eanncn]onnnns R R RSN I IS P,
Average..... 1,826 | 26.1 | 11.6 9.7i14.7 14.8) 4.2 54] 8,3 | 47.4

The data presented in Tables 2 and 3 show an average
of close to 17,250 acres burned per each 100,000 for the
entire district from 1909 to 1919. North and central
Idabo and northwest Montana suffered most. These
three sections have about 89 per cent of the total area
which was burned ; northwest I\IJ,onta.na 19 per cent, north
Idaho 17 per cent, and central Idaho 43 per cent. This
great difference between the western and eastern sections
appears to be due both to the relative number of fires and

e areas per fire in each section. (See Table 3 and fig. 3.)
Montana, east of the Continental Divide, shows an aver-
a.ie;lnumber from 9.5 to 22.5 of fires per 100,000 acres,
while the western parts show 39.6 to 97.3. The eastern
sections show an average area per fire from 48 to 410
acres; north Montana and north Idaho 281 and 234, re-
spectively, and central Idaho 1,154 acres per fire. In
the last mstance the high acreage is due chiefly to large
fires in 1910 and 1919.

The damage per fire, given in Table 2, is based on esti-
mates of merchantable-sized timber (stumpage) de-
stroyed and of additional values of reproduction and
young growth. If watershed values, grazing, and other

hases were included, the figures would be much greater.
ey are mentioned here mainly for the purpose of
bringing out the relations between the sections in this
respect. Damage figures for southeast Montana are the
lowest, as is also the average area per fire.

Fires which cover more than 10 acres are classed as C
fires, and those which burn less than } acre as A fires.
Those between 1 and 10 acres are B fires. Large fires
are most numerous in the west and relatively few in the
east, except in southeast Montana, where there are many
surface fires.
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In respect to the number of fires southwest Montana
may be classed with the western sections, but from a
standpoint of area per fire it resembles the eastern parts.

The outstanding causes of forest fires in this district
are lightning, railroads, campers, and slash burning, of
which lightning is the cause of the greatest number. By
individual sections it ap?[em that railroads are the most
prolific source in north Idaho, northwest Montana, and
north central Montana. Central Idaho and southeast
Montana are free from railroads and railroad-caused fires.
Central Idaho has comparatively few fires from any
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F1a. 2.—Average area per fire for the seven sections of Montana and north Idaho.

cause exceit lightning, which causes 84 per cent of all
fires. Slash burning is the cause of many fires getting
beyond control in north Idaho and northwest Montana.
Many of the fires listed under this cause have, no doubt,
been set in slash by parties who desire either to clear
land or to comply with the State law compelling burning
of slash.

The essential climatic elements, such as sunshine, air
temperature, relative humidity, wind, and precigitation,
including snowfall, are given in Tables 4, 5, and 6. In
looking over these figures there does not appear to be any
remarkable difference in the air movement, somewhat
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Fig 3.—Average area per fire hy seasm}s(s1 ft_:lr the seven sections of Montana and north
aho.
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reater, to be sure, at Helena and Yellowstone Park.

he average annual air temperatures do not differ so
very much, but eastern Montana has a much colder
winter and southeastern Montana a warmer summer than
the western sections. Of the latter, central Idaho shows
the warmer summer.

Precipitation, however, differs in a very striking man-
ner; north Idaho has an annual average of 30.37 inches
and eastern Montana only 14.22 inches. Central Idaho
has only 1.40 inches for July and August, and eastern
Montana nearly 3 inches. Central and western Montana -
sections are again intermediate. These differences are
due to the fact that Idaho partakes of the Pacific coast
type of precipitation and eastern Montana the conti-
nental type.

The greater amount of sunshine at Spokane in summer
than at the other control stations, and the lower relative
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Fi1a. 5.—Precipitation by months for t‘neI ge\lvlen climatle sections of Montana and north
aho.

humidity reflect the dry summers west of the Bitter-
root Range. The light snowfall in central snd eastern
Montana illustrates the lighter winter precipitation in
these parts.

In Idaho this low rainfall in summer, which is accom-
panied by much sunny, warm weather and low humidity,
produces a critical forest fire situation almost every year.

The reason for the greater devastation of forest by
fire in Idaho would seem to be in the fact that, particu-
larly in central Idaho, the summer rainfall and relative
humidity are so much less than in the other sections.
The heavier annual precipitation in Idaho, which is also
usually abundant in spring, gives rise to a dense forest,
often with a mass of undergrowth and much dead and
down material, which by virtue of the low summer rain-
fall and low humidity become highly inflammable. The
primary cause of this dry condition is found in the pre-
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vailing westerly winds, which lose moisture in passing the
Cascades, become heated by compression in tgle descent
on the eastern slopes, and create desert conditions over a
stretch of 100 miles of flat land, where they are further
heated without receiving any additional moisture. When
these winds strike the forests, therefore, they exert a
powerful drying influence.
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Fi16. 6.—Relative humidity by momhsltgrhthe seven sections of Montana and north
aho.

TABLE {.—.Adverage precipitation.
[Data from stations listed Table 1, U. 8. Weather Bureau.}

8w Coa ' R
|21 % ! 5B E

218|815 84| . LElE]

: > SIS (2| |8 » 818 | &

2122|828 |5|E| 5|8 2% 8¢

S|z |a |8 |& |2 |<|H|815121&]|
North Idaho.............. 2, 43(4. 433.55|3. m52.60|2.65|1.782.60’.’.07|1. 5000, 92!1.94 30,37
Central Idaho..... .11, 8212, 552. 10,2. 56 2. 10| 1.97|1.95i2.341.56; .70| .7011.28| 21,71
Northwest Montansa. .11. 48i2. 50(1. 60-2. 10 1. 47|1. 46 . 901. 93/2, 00:1. 25(1. 07!1. 54| 19.30
Southwest Montana. -|L.07| .97 .82‘1.305 . 88( .96(1.05(2. 0812 32 1. 15 .90|1.28 14,76
North central Montan 1.05] .68 .59! .86 .65( .86(1.09/2 67/3. 00 1, 72|1. 20,1, 48) 15.85
South central Montana....|1.30 . 86! .75/ .91 1. 201. 04|1. 30/2. 85(2. 46'1. 37/1. 06/1. 45| 16.55
Southeastern Montana..... .98] .47} .52 .41. .50] .72il.11|2.412.&:1.50?.3051.47 14.22

| i ! ! !
AVERAGE AIR TEMPERATURE (F.°).
North Idaho.............. 4126. 0;28. 5(36. 7|45. 0151. 3|56. 0!65. 5‘63. 8|54. 5 4.7
Central Idsho........ 9/27.9[31. 6{40. 6,48, 2153, 8/61. 9:67. 8l66.0156.4) 47.7
Northwestern Montana ) 0/22. 5{26. 4{35. 2:45. 0|53. 0:58. 4 64. 3i63. 052,5 42.8
Southwestern Montana. {24, 6/22. 0/ 235. 0/42. 5(49. 057. 0/63. 5l62 053,21 42.2
North central Montana . 5243120, 5/22. 6125, 8141, 5150 858, 8164. 864,055, 2 418
South central Montana... . 44.532.0 24, 519, 8/22. 5130. 5:41. 2150. 3:59. 3 65. 9,63.255. 01 42.4
Southeastern Montana. .. .i46. 131 5|21.9 16. 5(18. 9130, 1:43. 5!54. 1!83.7.70. 4 68. 9 5. 5| 84,7
| ' : i
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TABLE 5.—Humidity, sunshine and wind.

‘Wind
Relative humidity Sunshine per cent | movement
{per cent). of possible. (miles per
hour).
Controlstation. VN T R
Lowest ;
Average for rer-
smaner . | monthlyln ‘:‘:” Aver- Maxi- Aver-
summer. | 889 13um-| age, | mum | Sum-| age,
sust, mer.! AuE }mimt.h- mer.} A:lt-
gust. | . ust.
P.mfA.m|P.m|A.m| P2 | v E
—— —— |- e fe e —
Spokane._.......... 325 70, 16§ 51| 25, 85| 7! 8 62| 53
Kalispell............ 44.7 §2 27 ... 36 | 60.5 69 871 4.8 4.4
Helena..............| 37.6 63 22 40 30 65 73 7.1 7.8
Yellowstone Park. .| 44.7 5 2 63 36| 62,6 | 726 ........ 7.4 6.9
MilesCity.......... 49.0 7 28 |...... 42 i...... P | ........ 6.0 5.1

1 Aprilto Septemf;er, inclusive.

TasLe G.—Adcerage snowfull for sections of Montana and north Idaho,

{Data 19991919, inclusive, in inches.|

' LI . i |
) : 2 : S b VB !
Section, P& E 8 3 218 .S

£t §:817% 8:&E |88

S A = = 2 = = B
e . - - ____:_.—..! PR e |+~ —
North Idaho. ............... Pos. 91i19.4]213)19.8 | 108l 12| 02| s23
Central Idaho........... .. L0 5.2 | 11.5 { 18.9 | 18.7 l 85! 2.0 9| 64.7
Northwest Montana. ... T sl 7ol154(197 155! 85 12! .4! 79.4
Southwest Montana. . .. . t 7] 70| 9115231381 7.7] 3.9| 2.6 64.0
North central Montana......” 80! 4%} 59103 9.0, 74 [ 53 3.0 5.7
South central Montana......: 5.8 681 7.9112.04 9.6] 88} 61! 59} 62.9
Southeastern Montana.......” 1.8} 46| 6.0 0.3 | 48 66| 3.4] 2.3) 30.7

That the eastern sections of the district, particularly
the areas east of the Continental Divide, are Igss exposed
to this dry atmospheric condition is shown by the fact
that the average regative humidity for August at Kalispell
is 36 per cent, at Helena 30 per cent, at Miles City 42 per
cent, and at Yellowstone Park 36 per cent.

As to secondary causes contributing toward more forest
fires in Idaho than elsewhere in the district it may be
mentioned that the wind always strikes the sunny slopes
and blows hardest at the time of the day when the air
temperature and moisture deficit are greatest. Over the
Clearwater region in central Idaho the wind blows parallel
with the ridges in summer whereby its drying, carryin
and fanning effect is increased. In northern %da,ho, an
over the greater parts of Montana, on the other hand,
the trend of topography is transverse to the prevailin,
wind, so that each pronounced ridge checks the wind an

resents natural breaks which retard the spread of large
orest fires.

Since the moisture content of both dead' and living?
leaves is lowered by a decrease in the relative humidity
of the air, and since all woody tissue becomes drier under
its influence, it is easy to understand how these climatic
and topographic relations produce the critical conditions
which result in the bad forest fires in Idaho.

1 By the investigations of 8. B. Show, (limate and Forest Fires in California, Journal
of Forestry, December 1919, p. 915, and by the Priest River Experiment Station it has
heen found that the dead material on the forest floor recelves and gives up moisture
aveording to the relative amount of moisture in the atmosphere.

2+In tﬁxe case of specialized water tissue, the water which forms in the bulk of the
rell represents a store which is drawn upon by other living tissue and in particular by
the photosynthetic cells, in time of drought.”’—(Plant Analomy, by Haberlandt.)
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FIRES AND CLIMATE ACCORDING TO YEARS.

The data on fires by years are given in Table 7 and the
weather conditions (for north Idaho and north-central
Montana) appear in Tables 9 and 10.

A compilation of fires which are caused by lightning is
given in Table 8. These data may be taken as fair indi-
cations of the hazard from this cause. It is of interest to
note that 56 per cent of the total number is confined to
the two Idaho sections. Lightning activity is greatest in
Idaho, intermediate in western ]!fontana. and relatively
small in the central Montana sections but somewhat
increased again in southeastern Montana.

The fire records for the entire district for the last 11

ears show six years comparatively free from bad forest

es. These are 1911, 1912, 1913, 1915, and 1916.
These years show one and sometimes two of the summer
months with deficient rainfall, but the summer averages
were above normal. The beginning of 1915 occasioned
considerable anxiety by an unusually early and warm
sErins, but the late spring and summer rains were
abundant.

In marked contrast to these favorable seasons are the
five years of bad forest fires, 1910, 1914, 1917, 1918, and
1919.

The year 1910 will always be remembered as one of the
very worst fire years in the Pacific Northwest. More
timber land was burned over in that year than during all
of the 10 years following. The damage was particularly
heavy in northern Idaho.

In going over the weather records for this year it is
seen that the snowfall and the winter precipitation were
about average. Even the month of May showed a fair
amount of rain, but from the be%ilming of June until the
latter part of August the drought was intense. During
this summer Spokane and all the other Weather Bureau
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confrol stations in the district showed air temperature,
wind movement, and moisture deficit greater tgan nor-
mal. The fire season came to a close with snow about
August 19.

TABLE 7.—Fires according to years.

Number of acres burned per each 100,000 acres.
Total | Av
area |orage
Year. burned |B87€88 Cen- | North-| South-| North | South | South-
(acres) er | North | "o west | west |central [central | east
. re. | Idaho.} y4oy, | Mon- | Mon- Mon- | Mon- | Mon-
| tana. | tana. | tana. | tans. | tana.
1
22,392 19 ‘ 400 85 29 19 0 42 0
2,725,706 |1,724 | 17,246 | 22,627 | 12,731 | 1,646 [ 5,755 368 300
. 6,920 18 | 64 45 3 23 1 10 158
2,974 | 11! 59 1 11 0 1 11 0
3,000 [ X 34 4 8 22 10 12 8
114, 433 55 321 993 624 145 171 111 100
14, 480 13 i 49 186 50 2 2 7 0
9,134 15 ; 7 158 2 7 9 18 62
171,907 | 106 @ 726 766 | 1,096 874 118 19 248
58, 087 49 ! 260 649 a7 2 137 12 1
1,514,555 | 671 | 3,562 | 20,235 | 4,562 | 3,338 [ 1,799 335 109
.|4,643,718 |...... | 22,728 | 45,750 | 19,332 | 6,121 | 8,003 924 1,077
422,150 | 363 ! 2,006 | 4,159 [ 1,757 | 556 728 84 98
TABLE 8.—Lightning fires, number per each 100,000 acres.
Cen- | North-| South-| North | South | South-
Year. North tral west | west |central |central| east | Aver-
. Idaho. Idaho Mon- { Mon- | Mon- | Mon- { Mon- | age.
°| tana, | tana. | tang. | tana. | tana.
0.9 0.2 0.4 0.3 0 0.1 0.3 0.3
.8 L6 .8 B .5 .3 27 .8
.3 1.0 3 .4 .1 .2 .6 .4
.3 .3 .3 .1 .2 .1 0 .2
.4 .9 .3 .2 .1 (1] 1.1 .3
3.1 8.7 1.8 1.9 .5 .3 .7 2.7
7.8 6.2 1.8 L1 .1 .1 .1 27
.9 3.2 1.0 1.6 .2 0 1.4 L2
.7 1.2 .8 L0 .8 .3 2.2 .8
4.5 4.0 2.3 L7 .4 .3 .4 2.1
3.3 5.9 4.0 4.0 2.2 .5 L3 3.3
Total........ 23.0 33.1 13.8 13.0 5.2 2.0 10.8 14.8

TaABLE 9.—Weather conditions by years for north Idaho and control station, Spokane, Wash.

: Sunshine (per cent Air movement (miles Relative humidit;
Precipitation (inches). Afr temperature, °F. possible. per hour). (pec cent). o4
Year. Lesls & g
3 |285|5aE | 2 : _ . |
e EECE . LELE | L. il g B, H
s [6gelamel & | » | § e | Bl a2 5| & B BBl 2 B | & 2| g | B BB
gloA5 8 5 | g1 2|2 3|8|2 |3 |2 |F|F|8|2|2| 2|3 |82/ 2|58|=
102 |11.68 [10.14 { 2.72 | 2.55 | 0.81 | 0.26 | 0.18 | 1.56 | 54,5 | 57.5 | 65.8 | 60.2 73 75 88 74| 70| 7.4| 6.4| 57 31 29 19| 22
.| 80 |7.02[6.80 1.98]202|210(1.70 | 2.38 | 1.46 | 53.2 | 62.0 ! 62.0 ] 60.0 64 68 65 60| 6.4] 60| 56| 59 40 34 34 39
70{7.30(9.52 | 1.221.77 {220 | 1.24 | .32 | 2.48 | 545 | 57.5 | 67.0 | 64.5 62 53 ]2 7| 61| 6,9 58} 5.7 34 33 221 19
143 [10.60 }13.20 | 1.91 | 2.37 | 3.23 | 2.08 | 1.24 | 2.33 | 46.8 | 55.6 | 6L.2 | 62,0 43 58 73 81| &1 6.1 7.1 5.0 41 38) 30} 25
137 8.05| 877 | 29081205 |1.30| .04| 08| .83 (51..3)50.8)|66.0|6.6 51 75 ] 90| 6.2| 7.8 6.8 53 40 31 18] 17
80 [12.55 [11.15 | .75| .16 .70 L25| .25 .12 1 49.5|63.5|67.0| 61,2 155 R 74 70| 24| 6.2 56| 6.0 33 22 2B 34
69| 895 (12.36 | 1.97 | 1.98 | .42 .08 .78 | .88|52.7|50.3 | 67.2(65.2| 272 8% 89 81| 83} 6.6 59| 56 35 33 21] 16
82 10.41 | 9.12 | 1.78 1 2.60 [ 2.07 | .50 | .92 | 1.94 | 51.9 | 53.8 | 64.6 | 63.2 58 68 77| 176 | 6.8| 6.9| 59| 523%2}33.2)253; 25
173 in April. 3178 in April. 3 1880-1910.

TaBLE 10.—Weather conditions by years and months for north central Montana and for the Helena, the control, station.

. - Sunshine (per cent Wind movement (miles | Relative humidit
Precipitation (inches). Alr temperature, °F. possible). per hour). (per cent). y
Year. Legld & o
5 [EdElbas | £ . . . .
$ [CE3|S5E |8 | | L g 5
L ERE RSl AR A AN RN A AR RN AR
diBREe"8 S s 2 |3 2| |F|8|3B|< = (2|32 3|2 |<|d|8 |31z
R ; . —
45 |...... 2.7410.80 | 1.73 | 2.01 [ 1.80 | 1.17 | 3.33 { 53.7 | 60.8 | 67.3 | 61.1 57 57, T2 80| 7.7¢ 6.9 6.8 6.3 34 36 32 32
50(3.31]1.98)1.02(375]| .88|2.00}2.28]|2,35]51.3|60.6|60.9|61.0 57 55 77 62| 9.4 S.6| 8.0 82 52 43 46 ) 42
55 (3.8 (1.50)1.36|27|517| .41 .33 | .75|52.7(57.7|69.0 | 63.5 56 57! 71 69| 83| 8.8 83| &3 45 49 33
52| 2.32 07|1.39 (410 5.55| 215 1.32 | 1.87 | 47.0 | 56.5 | 65.5 | 63.0 44 60, 68 81| 9.0 9.2 86 1 48 | 47 38| 47
85 (3.87(322(1.70{3.74|1.62| .35§1.18 | 2,27 | 48.8 | 56.6 | 68.3 | 64.0 55 75 88 78| 82| 9.1; R7: 7.9 50 37 24| 32
5118.10]225]1.38]1.36 | 1.07 | 2.25( 1.50 | 1.87 | 43.3 | 64.4 | 64.7 | 62. 4 53 77! 64 66| 9.2 82| 7.2] &5 36 31 33| 36
34(1.35|200| .21{1.24| .89 .43| .38 1.30|53.7|62.4|65.8)|66.9| 161 61| 71 80| 9.21 &3 87| 81| 234 34 33| 2
for i
complete
...... 54123225 |1.00]261]3.00[3.72]1.20(1.48 | 50.7 | 50.6 | 65.1 | 63.3 | 360 | 365 | 73 73 146.8 (47.2(47.7| 7.8 42 41 31 30
162in April. 3 April 28 per cent. 3 Years 1909-1919. +19 years, 1916.
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The season of 1914 was preceded by a normal fall, and a very warm summer; it was, moreover, the third
winter, and spring precipitation, but there was a marked consecutive dry season. Sunshine, wind movement, and
deficiency of snowfall and an early melting. The May mositure deficit were much above the average for all
and June rainfall was about average, but somewhat low sections. It should be noted that the average afternoon
in May and high in June. The drop in July was most July and August relative humidity for Spokane was only
pronounced inl%he northwestern and the central Montana 18.5 per cent as comﬁared with a normal of 25.2 per
sections; the August rainfall was considerably below cent. The deficit at Helena for the same period was 9
normal everywhere, almost nothing in central Idaho. K{qr cent; for Yellowstone Park, 18 per cent; and for
The summer temperature, 1914, summer sunshine, wind iles City, 8.5 per cent. The average sunshine at
movement, and moisture deficit were in most cases Spokane for July and August, 1919, was 80 per cent and
greater than normal. The result of these conditions are 85 per cent, com}Imred with averages of 62.5 per cent and
seen in the large number of fires in July and August, 70.5 per cent. It was also well above the average at
and the comparatively large area per fire. As in 1918
the season was most severe in Idaho, and lightning fires

Fires 9 Frecipitation

were numerous and difficult to control. In central North ddobe
Idaho occurred the largest number of lightning fires on
record for any one year. ¥ snom ot W 7ove Frecipitation  [Mumber of Fires per 106000 Acred

The winter of 1916-17 was notable for its great quan- —— ot
tities of snow and precipitation well above normal until |77 5 6/&c tortor dor  Miy Jone  Lpy  Aug Seot  er’
the month of May. From that time on the rainfall was T b

yas5
oo
+76

much below the average and reached unusually low
points in July and August. On account of the abundant
snowfall and late melting everyone predicted a favorable [
season, but the sudden and unusual drought which fol-
lowed precipitated a bad fire season. As in case of all
of the Ead re years the sunshine, wind movement, sum-
mer temperature, and moisture deficit were greater than
normal.  The most noticeable feature of the 1917 fires
was the low percentage caused by lightning. On this
account central Idaho showed no greater area burned
than north Idaho. The year 1918, which is the least
severe of the five bad fire years, began with a heavy
snowfall in the early part of the winter, followed by
abundant January a.ng February rain, which caused
floods and early melting of the snow, particularly in the
Idaho sections. This was followed by an unusually dry
spring; so dry that the height growth of young trees
was noticeably below the average. The season would,
no doubt, have been very bad had it not been for the
abundant rains in the middle of July. In all exceptu'b
the central Montana sections the May and June tem-
perature, sunshine, wind movement, and moisture deficit
were greater than normal. The fire season, based on
number and area of fires, was much more severe in the
Idaho than in the Montana sections and began excep-
tionally early. The number of lightning fires was 1n
most sections well above the average.

The year 1919 had an unusually large number of fires
in all parts of the district. It had the dryest spring and
summer on record since 1883 on the Pacific slope and
the dryest on record for the eastern slope (observation
begun 1880, see fig. 12 and Table XII). The deficit in
total annual precipitation from October 1, 1918, to  Fic.7.—Deficitin rainfall and forest fires for north Idaho, 1910, 1914, 1917, 1918, and 1919,
September 30, 1919, is as follows: North Idaho 5 per .
cent, northwest Montana 27 per cent, southwest Montana the other control stations. Air movement at Spokane,
42 per cent, north central Montana 46 per cent, and in Kalispell, and Yellowstone Park were considerably above
southeast Montana 51 per cent, with corresponding de- normal and greater than in any previous fire year.
ductions elsewhere. Tﬁe deficit for May, June, :gluly, The light snowfall, lack of spring rain, and spring
and August combined in each section are, in the order temperatures above normal were the causes of the
usually given: 42 per cent, 50 per cent, 50 per cent, 63 unusually early start of the fires in 1919. The May fires
Kfr cent, 66 per cent, 72 per cent, 54 per cent. Central in nearly every group exceeded both the 11-year average

ontana shows the greatest summer deficit. The more and those of any other single year. Fires in June were
outstanding facts for the whole district for 1919 are: numerous in all parts of the district, and, while they did
A very light snowfall everywhere; frozen ground in the not burn with the same fierceness that the fires did later
fall; much melting of snow in late December, 1918; most in the season, considerable difficulty was experienced in
of winter precipitation in the form of rain; compara- controlling them, principally, because of the fact that
tively little spring rain, followed by an unusually dry the protective force was just being put on.
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FIRES AND WEATHER BY MONTHS.

A comparison of fires and weather by individual
months brings out many points worth noting; but since
the presentation of the data in tabular form leads to
such a great mass of detail a diagrammatic presentation 1s
given. This requires less space and can be more readily
visualized.

The correlation which is given in figures 7 and 8 was
carried out for all of the seven groups in the district.
Only two of these are given here and one which shows the
average relations for 1910, 1914, 1917, 1918, and 1919
for four sections.

frres {b Frecipitation
North Contra/ Monfone
IO, /914 /917 /978 N 79/9

Fepruary, 1922

tral Montana is about 2 inches per month from June
through September. This is shown very clearly for
May, June, and July in northern Idaho, 1914, and for
the entire summer 1918 for north central Montana.

It is seen further that the quantity of winter snowfall
or total precipitation bears little relation to fires during
the following summer. The great quantity of snow
during winter of 1917 and a precipitation about normal
until May did not stave off a very bad season, which
began as soon as the rainfall fell below 2 inches.

t may be well to fix our attention to the months of
May and June for a little closer consideration. June
does not show a critical fire situation, provided May has

3 Numé Sfins /00,600 acres,
oot o e iy /
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F1¢. $.—Comparison of precipitation and forest fires for north-centiral Moniana, 1910,
1914, 1917, 1918, and 1919.

In these diagrams the difference between 2 inches of
rainfall and the actual amount which fell has been used,
mainly because the rainfall data for the safe years 1911,
1912, 1913, 1915, and 1916 show that 2 inches per month
comes close to the safety limit in July and Au%ust.

It is reco%nized, however, that it is difficult to estab-
lish these relations definitely, mainly, because the origin
of the fires, and especially lightning fires, vary widely
from year to year. However, by averaging the number
of fires and the precipitation for each month these rela-
tions may be approximated as closely as it is possible
from the present data.

Referring to the diagrams it is seen that the safety
line of precipitation in northern Idaho and north cen-
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F1a. 9.—Relation of rainfall deficit to forest fires for the years 1910, 1914, 1917, 1918, and
1919, in north Idaho, central Idaho, north-central and southwest Montana.

about 2 inches of rainfall. The year 1919 shows some-
what of an exception, and the explanation lies most
likely in the fact that June, 1919 had 88 per cent sun-
shine compared with an average of 68 per cent and be-
cause neither the spring rains nor the water from the
melted snow soakedp into the frozen ground. If, on the
other hand, May shows a considerable deficit, and this
continues throughout June, there will be many fires in
June. I, asin the case of 1918, both the April and Ma
rainfall is considerably below 2 inches, a dry June will
bring on many fires.

In Figure 9 are shown the relations between the deficit
in precipitation and the number of fires per month.
According to averages for 1910, 1914, 1917, 1918, and
1919, the relations are quite regular. From the data it
is possible to derive a figure which, when multiplied by
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the difference expressed by (2—actual rainfall for the
month), approximates the number of fires for that month.
For north Idaho this multiplier is 10 for May, 30 for June,
100 for July and August, and 30 for September: e. g.,
in north Idaho the ﬁxne deficit (Fig. 9) is 1.60 inches.
This multiplied by 30 equals 48. The average number of
fires for that month is 53. The factor 10, 30, 100, ete.,
is obtained from the actual records of the number of fires
by formula

P

T number of fires
2 — actual precipitation= —

" 12 ‘s

JULY 19/9
fut
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experiment station and covered 1,200 acres in one after-
noon. On August 19, very serious forest fires occurred on
most of the north Idaho forests.

It is of interest to note that the records for Spokane,
Wash., also show unusually high temperature and low
humidity and somewhat increased pressure at these times,
but the wind there and at the Eorest Service lookout
stations show no very unusual movement.

The periods of high pressure and clear sunny weather,
when the daily air temperatures approach 100° F. and
when the relative humidity is ver Yow in the afternoon,
present very eritical weather for forest fires.
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F1a. 10.—~Daily rise in air temperature and lowering of relative humidity culminating in critical weather for forest fires, Priest River Forest Experiment Station, 1919,

ESPECIALLY DANGEROUS WEATHER FOR FOREST I1RES.

The geographic and topographic relations which have
been discussed above, and the prevalence of high-pressure
areas bring about clear, warm, dry weather in summer in
northern Idaho during July and August. At certain pe-
riods during these months, the weather conditions fre-
quently approach a climax of high air temperature and
low relative humidity. Examples of this are available
from weather records at the Priest River Forest Experi-
ment Station and fire records, July 11 to 19, 1919, and
from August 13 to 20, 1919. The temperature curves in
Figure 10 show this very clearly. On July 18, a serious
fire broke out in a slashing five miles away from the

3Mr. Edw. A. Beals has given a vory interesting discussion on weather cond.tions
attending three great forest fires, Baudette, Columbia, 1902, and Idaho, 1910, in the
February Mo. WEATHER REV. Feb., 1014, 43: 111-119,

LENGTH AND INTENSITY OF THE FIRE SEASON.

The numbers of fires in each section of the district
have been averaged by months to show relatively the
time of beginning and ending of forest fires, the month
of greatest intensity, and the relations of air temperature
and precipitation to the fires. (See Table II and Fig. 11.)

North central Montana appears to have the longest
fire season. It begins in April and ends in October.
April fires occur also in the two western Montana groups.
In central Montana these early fires occur chiefly in the
dry grass or the slash left over from the preceding fall
or winter. There is no appreciable difference between
the groups in air temperature. Figure 11, however,
shows that the April rainfall and the annual snowfall in
these partslis lower than elsewhere.
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Other significant points brought out by this compar-
ison is that the 1period of low summer rainfall usually
corresponds closely with that of the highest air tempera-
tures, that a rainfall of less than 2 inches per month
after March or April brings up the fire curve in every
section, and that there is an almost direct relation be-
tween the number of fires curve and the rainfall deficit
under 2 inches per month.

For a closer comparison of the different climatic fac-
tors and forest fires the climatic data for the Priest
River Experiment Station and the fire data for Kaniksu
National Forest, within which the station is located,
have been shown in Figure 12. This also reveals the
rapid rise of the fire curve as soon as the rainfall drops
beYow 2 inches per month. Other interesting relations
are the close correlation of precipitation and soil moisture
and the time of maximum forest fires at a time when
these two factors and the relative humidity are lowest.

TaBLE 11.—Average number of fires by month per 100,000 acres.
[Record 1909-1919, inclusive.}

April. | May. | June. | July ’ é},:; N g; . %c:ro-
North Idaho................ 0.00 0.01 0. 12 0. 48 |I Q.59 0.15 0.01
Central Idaho. ... . .00 .0+ .03 .3 .30 .0
Northwest Montan: 0+ 02 10 .59 .51 .08 01
Sonthwest Montana . .qa1 .03 .13 -3 .50 .18 m
North central Montana..... .01 .02 .04 IS T S| T R 1] .02
South central Montana..... .00 .0+ .nl .05 : 06 .03 04
Sontheast Montana......... .00 .05 .1l .35 | 48 o8 o

PRECIPITATION RECORDS 1880 TO 1919.

The most noticeable thing about the climatic records
for the last 10 years is the unusually low summer precipi-
tation for the three consecutive years, 1917, 1918, and
1919. In order to learn whether this was an unusual oc-
currence or a thing to be expected periodically the writers
examined precipitation records for the last 40 years from
stations east and west of the Continental Divide. These
data are presented in Table 124 and figure 13.

The data for the 40-year rainfall west of the Conti-
nental Divide (Table 12) show a very low precipitation
1917, 1918, and 1919. The May and June rainfall was
also quite scanty during the last two years and the July-
August rain for 1917 and 1919 below normal. When
we consider that the summer rainfall 1918 did not come
until after the middle of July and that the May and
June rain of that year was the lowest on record, there
is no wonder that 1918 was a bad year for forest firez.

During 1888 and 1889 the July and August rain was
also very low, but the records show at that time con-
siderable May and June rain. The year 1889 is remem-
bered as one of the very worst fire seasons in the Pacific
Northwest.

Records for 1910 do not indicate such very critical
conditions as the fire records would have us believe.
During that year there was almost no June and July
rain, and the fire season, though very intense, was limited
to the first three weeks in Eugust, during a period of
high wind and air temperature.

ast of the Continental Divide the annual precipitation
for 1919 was the lowest since 1889 and the combined
May-June and July-August rainfall the lowest on record.

¢ The ave‘r;ges for the Pacific slope are made from the records of Spokane, Missoula,
and Walla Walla and for the eastern slope from Helena, Havre, and Miles City.
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TABLE 12.—Precipilation on the Pacific slope and castern slope, 1880

to 19:20.
Pacific slope.4 Eastern slope.*
(Averages.) {Averages.)
Year. - - |
May- July- May- July-
Annual. | 00 | August, {AR0USL  June | Augnst.
117.7) 4.53 2,90 13.41 5.13 3.87
22, 50 3.0 2,85 15.64 5, 46 4.88
20.03 4.75 3.12 11.07 4.71 3.42
13, 47 3.21 ['0.18} 12.08 3.70 2.69
20.59 4,62 [* 2.90] 12,33 5,99 4,94
17.16 5.7R 103 9,87 (X)) 2.52
15. 81 2,95 1.29 12, 42 5.60 2,00
17.97 5.37 2.81 14.94 7.8 3.9
15. 64 4.53 0.32 12.37 6.4 2.68
12.85 4,32 . 0. 59 8. 80 3.07 2.57
13.92 1.33 | 1.45 10.08 4.25 2.43
18. 41 531! 2.5 18, 65 829 4,55
15.68 516 . 1.44 13.05 6.53 2.90
22,48 6. 59 2.38 14,32 5. 83 3.9
17.76 3.98 2.13 13.84 6.38 2.08
12.68 3.00 2.48 11.46 4,80 2.8
17.75 462 2.46 14.53 6.20 3.17
21. 83 5.30 4,00 13. 49 5.5¢ 1.90
1479 5.47 1.78 13.99 6.23 3.01
19.79 3.63 3.57 14.97 68.27 3.54
17.66 6,02 3.04 11.20 3.43 4.8
15,15 4,42 2.10 14. 55 7.11 4,42
18.19 4,99 2.95 11.21 6.38 2,50
15.49 3.47 3.69 12.46 427 5. 86
13.62 3.09 0.99 S. 45 3.81 1.57
15.90 6.13 1.91 975 4.79 3.58
17.67 5. 46 1.42 15.00 7.60 3.08
16.27 4,02 3.35 13.59 7.21 3.04
1404 4,77 3.33 16. 90 8,76 3.51
17.10 3.50 3. 54 15.35 6. 81 4.64
15.16 3.05 2.34 11.61 4.02 3.09
12,41 4.29 1. 86 15,39 5.29 5,94
18.54 5.49 4.49 15,68 6.67 4,93
17.06 4.89 2,12 13.78 5,53 3.73
13.58 4,28 1,96 14.29 5.8 3.51
17.20 6.82 a0 17.60 6.92 7.13
17. 80 5.87 2.00 18, 50 713 5. 90
14.54 4.35 .77 13.71 4,84 2,86
12.63 1.50 2,99 1131 2.92 4,75
1420, 2.07 L4 9,18 2.60 1.78
1663 4 5ol' 22| B[ 56 3.61
1

The total annual precipitation, which appears to have
reached the lowest points at periods of 15-year intervals,
has no influence upon the fire season unless associated
with summer drought. The three-year seesaw shows a
low downpour every third season, the only exception
being an interval of three wet years, 1905, 1906, and 1907.
This three-year fluctuation is in accord with those found
at Greenwich, England, by Dr. H. H. Hildebrandsson.®
In the eastern and the southern parts of the United
States ® this fluctuation appears also, but is less regular
than in Europe and the %eestern States. The fluctua-
tions are very likely induced by the oceanic-pressure
areas, on which much has been written. The relations of
these pressure areas over the Pacific to the climate of
Northwest America has not been worked out.

CHANCES OF PREDICTING DANGEROUS WEATHER
CONDITIONS.

It should be remembered that since the atmospheric
ressure areas require but one day to travel from the
acific coast to the Rocky Mountains, and since there
are no permanent weather stations to the west of the
Pacific coast, it is evident that the basis for forecasting
weather in the Northwestern States is largely wanting.
The data presented should have their value in deciding
upon distribution of men and funds for fire protection.

8 Cycles of Sun and Weather: Nature, April, 1012, p. 147.

¢ Secular Variations of Precipitation in the United States, by Alfred J. Henry, Bullctin
American Geographical Society, Vol. XLVI, March, 1014, dee also the articles by C. F.
Brooks, Herys-k rctowsl%, . Nansen, H. Hildebrandsson, H. F. Blanford, E. Huntin-
ton, and A. Bchuster, on Pressure, Sunspots, and Climatic Controls.
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F1a. 11.—Relation between forest fires, precipitation, and air temperature for the seven climatic sections of Montana and north Idaho.
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The averages of precipitation and temperature may be
used as a basis by which to compare current weather
conditions from month to month for the different groups
of District 1. In this way an estimate may be gained
of the intensity of the drought which is to follow in the
summer.

One difficulty of applying these data in fire protection
lies in the fact that our records do not extend back over
a sufficiently long period, and that summer rainfall bears
a closer relation to fires than does the annual precipita-
tion. We may say with Robert DeC. Ward FScie'nt'i.ﬁc
Monthly, September, 1919) that actual rainfall records
in this country are too short to give any definite indica-
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ration per day takes place from the Livip¥ston porous-
cup atmometer a dangerous condition will soon result.
he relation between evaporation and precipitation

may he expressed thus: I; where E is the evaporation

and P the precipitation. For this comparison it is best
to use weekly or 10-day records. With a ratio 4:§% on
flat land from July 27 to September 2, 1916, there was
no danger of forest fires, but during the period July 20
and August 3 following rain the relation on the south-
west slope was 34+ during which time the duff dried
out to below 10 per cent July 31 and became highly
inflammable.

FIRES «+CLIMATE HANIESU NATIONAL FOREST
S FIRERECORD /902 — [9/8
CLIMATIC FECOND FAEIT AIVER EXP. STATION
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F1a. 12.—Relation hetween weather and forest fires on the Kaniksu National Forest in north Idaho, 1911-1918, inclusive.

tion of secular variations. The longest records cover
100 years, and a few stations have records of more than
50 years in length. While a study of these records shows
a more or less definite and recognizable long-period fluc-
tuation, they appear to be largely localized, and no defi-
nite conclusions can be drawn for extended areas.

There are several ways of keeping informed regarding
the weather conditions. From records of evaporation at
the Priest River Forest Experiment Station for several
years it appeared that if the evaporation from a free
water surface is more than five times the amount of pre-
cipitation, dangerous conditions will soon follow, or if
an average of more than 25 cubic centimeters of evapo-

By sampling duff and litter of the forest floor during
the summer months and applying burning tests it was
found that this material would burn and the fire travel
if the moisture content was below 10 per cent measured
by its dry weight. Though this is a direct method, it
reclluires much work in sampling, drying, weighing, and
calculation, which can not be conducted easily or without
considerable equipment.

Another me%hod, which has been suggested by Mr. E.
H. Finlyson, of the Canadian Forest Service, holds much
promise especially because of its simplicity, ease of obser-
vation, and current daily application. It consists in giv-
ing certain positive and negative values to all of the
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climatic elements, such as sunshine, wind, humidity, and
rain. By plotting these values for each day, say from the
beginning of June, beginning at a red line, designated as
neutral, current conditions will be indicated either above
or below this line during the summer by giving positive
values to sunshine, high temperature, and wind, and
negative values to rain or low temperature. The test for
accuracy and the giving of correct values to each climatic
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Since it has been learned from closer studies that the
duff and other material on the forest floor absorb and
lose moisture readily, according to the relative humidity
of the air, and since the moisture content of this material
affects its inflammability very materially, it would seem
feasible to prepare standard samples of duff which could
be weighed in different parts of the district simultane-
ously. The moisture content and inflammability of this
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Fia. 13.—Precipitation records for three Pacific slope stations and three continental slope stations, 1880-1919.

factor is in returning to the neutral line as soon as there
is no fire danger. Several years' record will be needed
before the correct values are obtained.

To make this method more effective, one could meas-
ure evaporation from free water surfaces and, if desired,
measure the intensity of solar radiation by the black and
white porous porcelain atmometer cups designed by Dr.
B. E. Livingston. It should be stated that maximum
air temperatures, the relative humidity at 5 or 6 p. m.,
and the amount of evaporation will undoubtedly come
closer than any other factors of climate in pointing out
the seriousness of the situation.

Current records for any one place are of no value unless
compared with data for the same place during previous
seasons.

material may readily be indicated by tabular data pre-
pared at a forest experiment station.

In any event it will be necessary, in order to have a
good idea of the current climatic status, to keep close
wateh of the conditions from month to month, both by
instruments, by general observation, and by reports from
the field, and to employ some instrumental method for a
closer record from day to day and week to week.

SUMMARY AND CONCLUSIONS.

Montana and north Idaho were divided into seven
smaller climatic and topographic sections for close com-
parison between forest fires and climatic records, 1909 to
1919, inclusive.
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The comparison brings out that in this region an aver-
age of nearly 15 per cent of the area of the national for-
ests has burned over since 1909. The sections west of
the Continental Divide have suffered much greater dam-
aﬁe than the eastern parts. On the north Idaho forests
the fires covered 17 per cent of the area, in northwest
Montana 19 per cent, while the eastern sections are all
below 8 per cent, some less than 1 per cent. The un-
usually large area burned over in central Idaho, 43 per
cent, 1s due mainly to the fact that the 1919 fires covered
the same ground as the 1910 fires.

The average area per fire in the different sections shows

eat variations. For north Idaho it is 234 acres, central

daho 1,154 acres, northwest Montana 281 acres, south-
west Montana 130 acres, north central Montana 410
acres, and the rest of Montana less than 100 acres.

This greater fire hazard in the western sections, par-
ticularly in Idaho, is due to differences in climatic condi-
tions, particularly rainfall, on the east and west of the
Continental Divide. The Idaho sections show high an-
nual and ver{ low summer rainfall, in which respect it
conforms to the Pacific coast type of precipitation, while
the eastern seetions show low annual and comparatively
high summer rainfall. In this respect the latter shows
its relation to the continental type. Thus the annual
rainfall in Idaho averages up to 30 inches, in eastern
Montansa less than 16 inches; but the July and August
rainfall in central Idaho is only 1.40 inches. In eastern
Montana it is from 2.43 to 2.92 inches.

The heavy annual precipitation in Idaho gives rise to
luxurious forests, with much cedar, hemlock, and fir
understory, also much dead and down material. This
becomes ver{ dry and highly inflammable in summer on
account of the 1ow rainfall and the drying, warm winds
coming from the desert region east of the Cascades.
These winds blow against the sunny slopes and reach
their maximum velocity during the hottest part of the

day.

%he drier air in the western than eastern sections in
summer, and consequently more critical conditions for
fires, is shown by an average relative humidity of 25 per
cent for Spokane during August, 36 per cent for Kalispell
and Yellowstone Park, and 42 per cent at Miles City.

The record shows five years, 1910, 1914, 1917, 1918,
and 1919, with serious forest fires, and the remaining five

ears, 1911, 1912, 1913, 1915, and 1916, fairly free from
es. The bad fire seasons show subnormal spring and
suramer rainfall, greater than usual amount of sunshine,
somewhat higher air temperatures'and wind velocities.
The average per cent of sunshine at Spokane for July is
77. In July, 1910, it was 88, and in 1919, 89. The
average relative humidity at Spokane in August is 25 per
cent. In 1910 it was 22 per cent, and in 1919 it was only
16 per cent.
ore lightning fires have occurred in central and north
Idaho than in the other sections; central Idaho shows a
total of 33 per each 100,000 acres in 10 years, north
Idaho 23, western Montana 13 each, south-central Mon-
tana 2, and southeast Montana 10.8.

The causes of the unusual forest-fire situation during
the summer 1919, the worst since 1910, are most likely
due to & combination of unusual weather conditions—
frozen ground in the fall, so that little moisture went into
the ground at the time of melting in spring; much melting
of tﬁg snow in late December; light winter precipitation;
early spring rains most likely fell on the snow in the back
woods and therefore did not soak into the ground; very
light spring and summer rains. This season, moreover,
was the third in a succession of dry summers.
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A comparison of climate and fires by months brings
out the fact that it is necessary to have at least 2 inches
of rainfall for each month in summer to allay forest fires.
The average rainfall in the Idaho and western Montana
sections are lower than this amount; central Idaho, June,
1.56; July, 0.10; August, 0.70; north-central Montana
section shows June, 3; July, 1.72; August, 1.20; south-
central Montana, June, 2.46; July, 1.37; August, 1.06
inches.

The most dangerous weather for forest fires occurs at
the time of a succession of high-pressure areas over the
Pacific Northwest. At such times the air temperature,
both maximum and minimum, climbs a little hig%ler each
day and the relative humidity reaches very low points.

Climatic records for the last 40 years show a tendency
toward periods of very low rainfall each 15 years; the
low points were reached 1889, 1904, and 1919; the
show also a quite II'_eI\.gu]ar drop in the annual rainfall -
every three years. However, the total annual precipita-
tion does not necessarily mean a bad fire season, for this
depends almost entirely upon the summer conditions. It
is the combination of low annual, low spring and summer
downpour which brings about the unusually bad fire
seasons.

The matter of forecasting fire weather in the Pacific
Northwest is rendered difficult because there are no fixed
points of weather observation to the west of the Pacific
coast. Current records, together with past records of
fire and climate, must therefore be relied on for the
present.

The classification and analysis of the natural conditions
set forth in this report are offered, not with the idea that
they will help ward off forest fires, but lead to a closer
understanding of the natural factors which operate to the
destruction of so much valuable timber wealth, dispell
certain misleading ideas regarding the relation of climate
to forest fires in this region, and serve as a groundwork .
for later investigations.

DUST SPIRAL NEAR FLAGSTAFF, ARIZONA.
By Ferpinanp W, Haasis.

[Fort Valley Experiment Station, Ariz., March 6, 1922.]

At 1.15 or 1.20 p. m,, on June 19, 1920, the writer’s
attention was attracted by a peculiar sound suggestin,
an automobile motor. HZard out of doors, the soun
resembled the tearing of coarse paper.

Above the forest, due west of the Fort Valley Experi-
ment Station, 9 miles northwest of Flagstaff, a column
of tawny dust, the color of the dry soil at that time,
was seen traveling in an easterly direction, though with
minor deviations, and forming a somewhat undulating
band in the general direction of the sun. From below it
appeared to be a nearly vertical spiral so close to the
sun that the upper part could be seen only with great
difficulty. The column was intermittent, sometimes
almost wholly disappearing, at which time the charac-
teristic noise subsided also. The height was difficult to
estimate; perhaps 500 feet, perhaps 1,000.

When about 500 feet west of the west fence of the
station grounds it broke off to the southeast downhill,
and whirled around near the back corral. It oscillated
on this flat for a time, apparently moving first southeast,
then northwest, possibly in a circle, or in other directions.
At one time it seemed to be starting to move north or
northeast directly toward the station buildings. The



